Individual responsibility for portfolio construction is a central theme for defined contribution pensions, yet the rise of target-date funds is shifting investment decisions from workers back to employers. A complex choice architecture including automatic enrollment, reenrollment, and fund mapping, is increasing the number of participants defaulting into employer-selected target-date funds. At the same time, portfolios of non-defaulted participants undergo sizeable changes, with equity share ratios widening by over 40 percent points between younger/older participants. Among active decision-makers, these funds act as a form of implicit employer-provided lifecycle investment advice. More broadly, our findings highlight malleable preferences among retirement investors and a demand for default-based guidance or simplified advice for households facing complex choices.
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Target-Date Funds in 401(k) Retirement Plans
Olivia S. Mitchell and Stephen P. Utkus Individual responsibility for portfolio construction has long been central to defined contribution (DC) pensions in the United States, particularly in 401(k) retirement plans. 1 The employer offering a 401(k) plan is responsible for selecting the plan's menu of investment offerings, but employees retain ultimate responsibility for portfolio construction. Nonetheless, an ongoing concern with such arrangements is that many participants seem ill-equipped to make such decisions, whether due to lack of financial sophistication or behavioral biases in decisionmaking. 2 Over the past decade, one response to this concern in the retirement saving marketplace has been the introduction of investment offerings known as target-date funds (TDFs) in 401(k) plans. These funds aim to simplify employee investment decision-making and delegate important portfolio choices to investment managers selected by the employer.
Target-date funds consist of a series of investment offerings with portfolio allocations described in terms of an expected year of retirement. The funds are usually offered in five-year increments (e.g., a 2010, 2015, 2020, etc., fund) ; a typical series may include up to a dozen funds. Participants making active choices can choose among these funds and other plan options; defaulted participants are invested by the employer in a single target-date fund based on employees' current ages and assumed retirement dates. In what is often referred to as the "equity glide path," equity allocations are highest for young participants farthest from retirement (e.g. the 2050 fund) and lowest for those approaching and in retirement (e.g. a current-dated option such as the 2010 fund). Once a participant's account is invested in a given target-date fund, his portfolio equity share is lowered over time due to age-related rebalancing by the fund manager (who also handles all other portfolio management decisions). Target-date funds have grown rapidly in the U.S. From 2000 to 2010, assets rose from $6 to $245 billion, and 70% of DC plans 1 Here we use the term 401(k) plans to refer broadly to private-sector defined contribution plans which can include profit-sharing, money purchase, and 403(b) plans along with 401(k) plans. The importance of 401(k) plans in the retirement portfolio is discussed by Samwick and Skinner (2004) . 2 See Benartzi and Thaler (2001) , Mitchell (2007, 2011) , and Mottola and Utkus (2008) for extensive references. offered target-date funds and 36% of all DC plan participants held positions in these funds (as of 2010). 3, 4 The growing use of target-date funds is influenced by two decision-making mechanisms.
First, encouraged by qualified default investment alternative (QDIA) regulations issued by the U.S. Department of Labor in 2007, employers have added target-date funds to default arrangements including automatic enrollment, reenrollment, and fund mapping frameworks. 5 In such settings, participant contributions are directly invested in a fund designated by the employer. Second, participants not subject to such default arrangements are also increasingly investing in the funds on their own. In these active or voluntary choice settings, a participant's selection of a target-date fund delegates portfolio construction tasks to the fund's manager.
Target-date funds offer three distinct portfolio features to investors, regardless of whether the funds are chosen actively or by default. The first is a portfolio "prepackaging" or convenience feature, whereby contributions are directed to multi-asset class funds designed to be "all-in-one" portfolios. The second entails a current portfolio allocation with a decision heuristic based on the participant's expected retirement age. This heuristic is arguably simpler than the process of creating a portfolio from a list of individual equity, fixed income, and/or balanced funds. A third feature is an age-based rebalancing service, whereby risk exposure is reduced automatically over time by the fund manager. The rebalancing can be viewed as a form of commitment device: with a current-day decision to invest in a target-date fund, the employee is committed to a future portfolio risk-reduction strategy, implemented by the fund manager, which the participant might otherwise fail to implement on his own. We seek to evaluate how the introduction of target-date funds influences patterns of both adoption and portfolio construction within 401(k) plans. We draw on a longitudinal dataset from a major 401(k) plan provider, which offers a unique natural experiment in which to observe the funds' evolution over the 2003-10 period. Target-date funds were available in our dataset to more than two million participants in over one thousand DC plans by 2010. The longitudinal nature of the dataset permits us to examine the complex dynamics of target-date behaviors over time, including the distinct reactions of existing employees versus new hires to the funds' introduction, and the effect of changing employer default policies. In the first part of the paper we consider adoption patterns: who adopted the funds, whether they adopted them as a single holding ("pure investors") or combined them with other options ("mixed investors"), and how default arrangements versus voluntary choice influenced adoption results. In the second part of our paper, we consider changes in participant portfolios when target-date funds are adopted voluntarily. For this analysis, we consider participants who actively switched to the new funds when the funds are first introduced. This difference-in-difference analysis permits us to isolate the treatment effects of target-date funds on portfolio composition, controlling for both observed and unobserved differences in target-date investors.
We offer several new findings. First, we document the rising demand for target-date funds among participants due to active choice, particularly among workers early in the lifecycle Employees who make active choices are equally likely to use target-date funds as pure targetdate investors, or in combination with other funds as a mixed target-date investors; this suggests that preferences for target-date features are not a binary, all-or-nothing, choice. Also, voluntary adoption of target-date funds appears relatively invariant to market conditions over time and rose slightly during the recent financial crisis.
Second, we show that a complex, default-based "choice architecture" is accelerating demand for target-date funds, and it is an important way in which the responsibility for portfolio choice transfers from workers to employers. 6 Consistent with prior research (e.g. Madrian and Shea, 2001) , automatic enrollment of new plan entrants into target-date funds raises adoption rates by 81 percent relative to adoption rates among non-defaulted workers. Yet other defaultbased strategies adopted by employers can also have important-and sometimes even stronger 6 The term "choice architecture" was popularized by Thaler and Sunstein (2008) for a wide range of decision settings, including the retirement or pension plan context. effects-on outcomes. For instance, the simple designation of a target-date fund series as the default for administrative recordkeeping purposes raises adoption among new hires by a relative 55 percent-what we refer to as a "halo" effect just from the simple default assignment.
Moreover, when an employer re-enrolls participants from a prior default fund into a new targetdate default, adoption rises by a relative 71 percent; when discontinued funds are mapped into target-date funds, target date fund adoption grows by a relative 166 percent.
Third, we demonstrate that the portfolios of participants who select target-date funds when they are first offered undergo important changes upon adoption, suggesting that the funds serve as a form of implicit investment advice for workers. 7 This implicit advice feature represents a second mechanism by which responsibility for 401(k) portfolio selection is shifting from workers to employers. Portfolio changes are most dramatic for pure (single-fund) targetdate investors: the difference in equity share between the youngest and oldest participants widens by over 40 percent points. Younger participants can anticipate large increases in portfolio returns and variances, and all investors can expect to benefit from sizeable reductions in nonsystematic risk (the target-date funds in our sample are index-based). It is worth noting that participants could have pursued these investment changes on their own but did not; they occurred only as a result of the employer's decision to introduce target-date funds to the plan menu. This finding, along with our results on default effects, confirm that preferences around retirement portfolios are rather malleable: many participants are accept third-party direction of their portfolios, either by default or via simplified choice.
Following a brief overview of related research, we describe the complex decision-making architecture involved in the introduction of target-date funds to 401(k) plans. We then develop empirical models of target date adoption, followed by a difference-in-difference analysis of portfolio changes for a sample of participants adopting target-date funds when first offered. We conclude with a discussion of implications of findings for retirement policy and household financial decision-making. 7 The term "advice" has specific legal meaning under employee benefit law. Here we use the term "advice" in a practical sense, meaning reliance by the participant on the target-date fund as a portfolio choice.
Related Prior Research
The concept of "choice architecture" refers broadly to the design of the decision framework governing consumer choice (Thaler and Sunstein, 2008) . Behavioral elements of decision-making in the retirement setting, such as the role of default arrangements for saving and portfolio decisions, the impacts of inertia and procrastination, and the difficulty decision-makers have with complex choice sets, are all related to this concept. In our context, it is highly relevant to an analysis of the impact of default investment designations in retirement plans, as well as the simplifying decision heuristic associated with choosing target-date funds.
Several prior studies have examined how defaults influence workers' saving decisions (c.f. Carroll, Choi, Laibson, Madrian and Metrick, 2009; Choi, Laibson, and Madrian, 2004; Metrick, 2003, 2006; Nessmith, Utkus and Young, 2007) . Others explore how defaults affect portfolio allocation and trading choices in retirement plans and personal saving accounts (c.f. Agnew, Balduzzi and Sunden, 2003; Ameriks and Zeldes, 2004; Benartzi, 2001; Benartzi and Thaler, 2001, 2002; Benartzi, Peleg and Thaler, 2007; Calvet, Campbell, and Sodini, 2009; Yamaguchi, 2006a, 2006b; O'Donoghue and Rabin, 1999; 2001) . Our research is most closely related to studies showing that retirement plan investment menus can shape, or "frame," individual portfolio allocation patterns due to inertia or naïveté (c.f. Benartzi and Thaler, 2001, 2002; Huberman and Jiang, 2006; Brown, Liang and Weisbenner, 2007; Thaler and Sunstein, 2008; and Tang, Mitchell, Mottola, and Utkus, 2010) , or in reaction to excessive complexity (also known as "choice overload;" c.f. Iyengar, Huberman, and Jiang, 2004; Iyengar and Kamenica, 2010) . There is also a related literature on whether participants making portfolio choices make investment errors, due to investment illiteracy or behavioral biases (c.f. Barber and Odean 2001; Benartzi and Thaler, 2001, 2002; Mitchell, 2007, 2011; Mottola and Utkus, 2008; Mitchell and Lusardi, 2011) .
In what follows, we examine two aspects of choice architecture in the retirement saving context, namely the effect of default investment designations on 401(k) portfolio choice, encouraged by federal regulatory policy under the Pension Protection Act and implemented over the past decade by employers in 401(k) plans; and the simplifying choice mechanism embedded in target-date funds, whereby portfolio selection is reduced to the choice of an expected retirement age.
401(k) Plan Menus and Participant Portfolios
Our analysis draws on data for employers sponsoring 401(k) plans who introduced targetdate funds over the period 2003-10. The data are derived from the Vanguard 401(k) recordkeeping system, and the target-date funds offered were Vanguard-designed target-date funds. Table 1 , Panel A, shows the range of target-date funds arrayed by their target maturity dates; each involves a different mix of passively-managed U.S. equity (including large-, midand small-capitalization stocks), international equity (both developed and emerging markets), and U.S. high-quality bonds. As of December 2010, for instance, total equity exposure in the funds for younger participants averaged 90 percent (in the 2040 through 2055 Funds) versus 29 percent for older participants in the Income Fund (intended for retirees). 8 Table 1 here Target-date funds have often been selected by employers as a replacement for (or in addition to) so-called "static allocation" or risk-based asset allocation funds; the latter are prepackaged investment offerings where portfolios differ solely based on equity fractions with no implied age glide path. 9 Panel B of Table 1 outlines how our 401(k) plans added target-date funds over time, conditional on having had pre-existing static allocation offerings. In 47 percent of the plans, target-date funds were introduced de novo, while in the remaining 53 percent of the plans, participants had been previously offered static allocation funds. In the latter group, one set of firms added target-date funds to a menu that included pre-existing static allocation funds, while another set switched or "mapped" existing participant accounts from static allocation to target-date funds. 10 Controlling on the prior presence of static allocation funds is important, as it helps identify groups of employees with a taste for portfolio "prepackaging," albeit without the age-based equity glide path inherent in target-date funds. 8 The Vanguard funds are all indexed except for holdings of inflation-indexed bonds, which materially affect only a small fraction of the portfolios of participants in retirement; accordingly we refer to the funds as indexed. Fees for the funds were below 0.20% during the 2003-10 period; at the end of our analysis period, even lower-cost versions of the target-date funds were introduced in certain large plans. During 2010 some target-date funds offered by other investment managers were introduced into the sample, but they account for less than 1% of sample participants. 9 When static allocation funds are offered, participants are presented with a selection of three or more funds of varying risk profiles (such as conservative, moderate, or aggressive). There is no age-based rebalancing. Defaulted participants are typically allocated to a moderate-or low-risk portfolio at the employer's direction. 10 In the case of mapping from static allocation to target-date funds, sponsors can either switch all participant static allocation balances and contributions into the new funds, or allow existing balances to remain undisturbed while switching future contributions into the new funds. In both cases, the new target-date allocations reflect the sponsor's decision to move the money, rather than representing an active employee election.
To analyze adoption behavior, we developed a panel of 401(k) plans over the 2003-10 period which introduced target-date funds. By December 2010, the sample included 1,008 plans offering target-date funds covering more than 1.8 million active participants. 11 Importantly, we only include plans for which we observe plan and participant records both prior to and subsequent to the introduction of the target-date funds. 12 We included all participants entering and leaving the plans due to normal workforce turnover, so the number of participants totaled over 2.2 million. Participants were observed monthly, so the total number of observations was 62.5 million.
The dataset includes several variables relevant to whether participants selected a targetdate fund actively or were defaulted to it through one or more means, as described in more detail below. Participant demographic information includes 401(k) account balances, investment holdings, and contribution patterns, as well as key socioeconomic characteristics including age, sex, household income, job tenure, and non-retirement financial wealth. 13 We also have features pertinent to plans' investment menus offered, including the number and types of investment funds along with other plan design details such as the availability of plan loans or employer stock. Our dataset includes monthly returns for all investments offered over a 13-year period (including the eight-year period under analysis as well as the preceding five years). 11 Active 401(k) participants are those who are currently contributing to their employer's retirement plan. 12 Plans transferring to the Vanguard recordkeeping service for the first time during our sample period and adopting target-date funds at that point are not included in our sample because we cannot observe plan holdings prior to the funds' introduction. 13 Household income and non-retirement wealth are provided by Acxiom; non-retirement wealth amounts are imputed using zip code (zip+4) averages. 14 The Online Appendix describes dataset characteristics by year and overall. 15 Under new-hire automatic enrollment, newly eligible participants have contributions deducted automatically from their first eligible pay (with the right to opt out); their contributions are invested in the plan's designated default fund. Our automatic enrollment indicator is for new hires only. Some employers have returned to "sweep" (i.e., automatically enroll) existing eligible non-participants. But because our dataset did not include an indicator for such "sweeps," any automatic enrollment estimate should be viewed as a lower bound of the actual figure. percent of participants were in plans where new hires were automatically enrolled. In total, 19 percent of participants were automatically enrolled as new hires-in other words, as employees who joined plans under new-hire automatic enrollment (not shown in Table 2 ). Table 2 here Reenrollment, the third default variable, indicates at the participant level whether participants were invested in a prior default fund and automatically switched by the employer to a new default. Although reenrollment as a plan design strategy can be used in a variety of settings, we consider it only in the case of a sponsor-directed change in default funds. 16, 17 One and one-half percent of our participant sample underwent a default fund reenrollment during the period. A fourth default variable is Mapping, relevant when an employer discontinued a fund option in the plan (perhaps because the employer as fiduciary no longer deemed the fund appropriate). The Mapping variable indicates that a participant was automatically shifted from a closing fund to the plan's newly designated default option. 18 In our sample, just over four percent of participants saw one or more funds discontinued and all or part of contributions transferred to a new default fund.
In terms of target-date portfolio behavior, 41 percent of participants in the full sample (nearly 912,000 individuals) adopted or were defaulted to target-date funds between 2003 and 2010 ( Table 2 , Column 1). To define target-date fund adoption, we focus on total contributions (employer and employee) to target-date funds, since contributions are most reflective of participants' forward-looking intentions and are unbiased by past asset holdings. Almost 30 percent of participants were "pure" target-date fund (TDF) investors, meaning that all contributions were directed to a single target-date fund. The remaining 12 percent of cases were of the "mixed" target-date fund sort, meaning that these employees contributed to a target-date 16 Reenrollment refers to the process of switching participant assets and contributions to a newly-designated qualified default investment alternative (QDIA), such as a target-date fund. Under federal regulations, participants are given prior notice that their assets and contributions are to be transferred to the newly designated default fund and given the right to make an alternative investment election. Reenrollments are typically undertaken upon recordkeeper change, a change in the investment menu, or a change in defaults, although sponsors may undertake reenrollments purely to improve portfolio diversification within the plan. See Vanguard (2008) and Mottola and Utkus (2009) . 17 While we do not have a specific indicator for default fund reenrollments, we estimate this from the time series data using two rules: (1) an employer changes the default at a given time t, and (2) within t + 6 months, all participant contributions change from the prior to the new default. 18 We use the term "mapping" in a generic rather than legal sense. In a legal sense, "mapping" refers to the rules governing the transfer of assets from a discontinued fund option into a new, "like" investment option. We use the term "mapping" as it is used colloquially-to refer to the transfer of the discontinued fund's assets into the plan's designated default option. fund along with other funds. 19 In other words, measured by total contributions, the ratio of pure to mixed target-date investors was 2.5:1. Pure target-date fund investors were generally younger, more female, and had low/moderate incomes and lower balances (Table 2, Column 2). Mixed target-date fund investors had the opposite characteristics and above-average balances ( Table 2, Column 3). A point worth special note is that 42 percent of the sample was classified as "new entrants." As noted above, a plan entered our sample in the month it added target-date funds, at which point all then-current participants were classified as "existing." A "new entrant" was anyone who entered a 401(k) plan with target-date funds included in the menu. 20
For the difference-in-difference (D-D) analysis (described in more detail below), we consider participants who voluntarily switched to a target-date investment for all or part of their portfolios within subsequent six months of the funds' first appearance in the 401(k) plan. 21
These participants were subject to new target-date offerings by their employers and responded to that offering -or "treatment" -affirmatively within the subsequent six-month period. In effect, these participants can be thought of as workers with the strongest latent demand for target-date funds, as they switched to the funds within six months of the funds' introduction. Over 163,000 participants appear in the D-D sample: 69,148 were pure target-date investors (participants who switched from other holdings to a single target-date fund), and 94,288 were mixed target-date investors (participants who added a position in a target-date fund to their other investments).
When compared to the full sample ( Table 2 , Columns 1 and 4), the D-D sample is quite similar to the full group.
Factors Influencing Participant Target-Date Fund Adoption
When a participant adopts a target-date fund, the decision may be an active choice, not influenced by employer-designated defaults, or it can involve an employer-designated default. In the former instance, no default designation is made; the plan sponsor thus may add target-date funds to the menu in anticipation of (or in response to) a perceived participant need for 19 A small fraction of this group contributed to multiple target-date funds and/or multiple plan options. Also, some mixed investors were "mixed" due to employer direction of employer contributions to company stock; we control for this effect with an indicator for employer securities in the plan investment menu. 20 Not all new entrants are new hires. Many of the plans in our sample allow immediate eligibility for the plan to new hires, though a minority imposes a six-or 12-month waiting period. 21 We include only those plans introducing target-date funds by June 2010 in order to observe both pre-and postintroduction effects for all observations. prepackaged convenience, the simplifying decision heuristic of target-date funds or the agebased rebalancing commitment device. Existing participants may reconsider their existing portfolio choices in light of the new investment features introduced with target-date funds; new entrants will evaluate the target-date offerings along with other funds when they enroll in their plans. In the latter instance, where employers establish a default architecture, target-date funds may be selected as defaults via several channels: as a default for administrative purposes, for new-hire automatic enrollment, for reenrollment from a prior default fund, or for "mapping" of discontinued fund options.
To assess the distinct impacts of defaults and active choice on participant portfolio selection, we estimate three multivariate models of target-date fund adoption. Each relates a distinct measure of target-date adoption to default, participant, plan, and market characteristics, as in equation (1):
Here Though the default architecture clearly had a major influence on target-date adoption and is hence our main focus here, other factors are also worth noting. In Table 3 , target-date adoption was highest among low-balance participants and it fell with rising balances. Younger participants (under age 35) were more likely to adopt target-date funds, either as pure or mixed investors. These factors suggest that workers in the earlier stages of the investment lifecycle with less financial sophistication were more attracted to target-date funds, independent of the default architecture effects. Another point worth noting is that target-date fund adoption rose during the financial crisis period after controlling for default effects. This increased taste for target-date funds during the financial crisis represented active participant choice at a somewhat higher rate than in prior or subsequent periods.
Two other subtleties are associated with the introduction of target-date funds into a plan menu. As indicated by the coefficient on the Months since target-date fund variable and its square in Table 3 , target-date fund adoption evolved nonlinearly over time: each month after the funds' introduction saw adoption rates rise by 0.6 percentage points (though at a declining rate).
This represents a pure time effect associated with the first appearance of the funds in a plan menu, and it implies a declining impulse function. Furthermore, offering more funds in the 401(k) menu slightly dampened target-date fund adoption, and the effect was sizeable. Having ten additional funds in the menu was associated with a five percent point reduction in the probability of adopting target-date funds, suggesting that the appeal of target-date funds depends on the breadth of the other investment offerings on the menu.
Treatment Effects of Target-Date Fund Introduction
We next consider worker demand for the unique portfolio features of target-date funds, which, as noted earlier, include the prepackaged convenience element, an initial allocation based on a simplifying decision heuristic (expected age of retirement), and a portfolio commitment device for future age-based equity share rebalancing. For this purpose, we use a difference-indifference treatment effects model, exploiting the longitudinal nature of our panel. We select participants observed both one month prior to the introduction of target-date funds to the plan menu (the pre-treatment portfolio), and then again six months afterward (the post-treatment portfolio). We consider portfolio changes separately for those who became either pure or mixed target-date investors, and we control on elements of the default architecture to isolate the effects of active participant choice. Importantly, we have a natural way to control for tastes for prepackaged investment portfolios, namely with the SA_before variable, which indicates whether static allocation funds had been offered previously. As a result, the resulting demand for targetdate funds reflects a preference for the simplified current allocation heuristic (expected retirement age), the future rebalancing feature, or both. The third portfolio characteristic in Table 5 refers to the change in the investor's annualized portfolio standard deviation, σ; the fourth is the change in the ratio of idiosyncratic portfolio risk as a fraction of total portfolio variance, . / ,t i TV NSR 28 This last term describes how much of the change in portfolio variance is explained by nonsystematic or non-market factors.
In Table 5 we show that systematic returns rose for both pure and mixed investors without controlling on other factors. It is noteworthy that the resulting change in systematic 27 Factor returns are computed using a three-factor model based on US equities, US bonds, and international equities because, as noted earlier, the target-date funds in our dataset are composed of index-based funds mirroring these three asset classes. To calculate portfolio returns we construct a risk-loading matrix for all k investment options in our dataset by regressing the excess return (over Treasury bill returns) for each of the k assets in our universe on three market indices: the value-weighted CRSP portfolio, the Barclays Aggregate Bond Index (BAB), and the Morgan Stanley Capital International (MSCI) Europe, Australia and Far East (EAFE) Index. Our period of analysis is our sample period, 2003-2010, and the five years prior, 1998-2003. The systematic return for each 401(k) investment option is simply its factor exposure times the average factor returns over the period; the participant's factor return is simply the weighted average return of his or her factor exposures over the period. 
, ,
returns between pure and mixed target-date fund investors is small, despite their markedly different initial risk exposures. For instance, on a "before" basis, those who became mixed target-date fund investors held 22 percentage points more equity than those who moved to pure target-date fund portfolios (70 versus 50 percent), but their annualized returns differed by only 25 basis points (5.94 versus 5. 69 percent). This is a direct reflection of the negative equity risk premium that prevailed during the period over which our portfolio characteristics are evaluated (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . 29 Portfolio risk levels also increased, though much more for pure than for mixed target-date investors. We also see a drop in idiosyncratic risk, as expected, given the passive nature of the target-date fund funds introduced.
Next, we use a multivariate model of portfolio characteristics to relate these four measures -equity share, systematic return, portfolio standard deviation, and nonsystematic risk share as a fraction of total variance -to participant, plan and treatment controls. We estimate separate models for pure and for mixed target-date investors. The four outcomes are represented by a vector, PORTFOLIO i,j,t , with an estimating equation of the following form:
Model A includes just these terms, while Model B adds interaction terms to test whether specific age groups responded differently to the target-date funds treatment. 30 For example, TDF _treat*Young allows us to examine the specific impact of target-date fund introduction for participants under age 35. It is important to emphasize that these effects occurred solely due to introduction of the target-date funds in the 401(k) plan by employers. Prior to the appearance of target-date funds, participants choosing target-date funds could have made similar equity share choices on their own. But they chose not to until the target-date fund "treatment" was introduced by their employers, 32 Additionally, these estimates control for default effects, prior preference for "prepackaged" portfolios, and, with our difference-in-difference approach, unobservable employee traits that might have otherwise influenced these changes.
Next we consider the three other portfolio efficiency measures. As depicted in the first two columns of Table 7 , changes were smaller for all mixed investors and by age group.
Given the negative equity risk premium during our evaluation period, these return differences are 31 Alternatively these differences, which we describe as age-related, could be cohort-related. 32 Tang, Mitchell, Mottola, and Utkus (2010) show that virtually all employees could have "rolled their own" portfolios to mimic the age-relevant target-date fund mix using funds available prior to the inclusion of the targetdate funds on the menu. likely lower bound estimates of the effects of target-date funds on portfolio returns under normal market conditions. 
Conclusions and Discussion
Since 401(k) plans were first introduced in the US in 1981, one of their distinguishing features has been a reliance on individual investment choice -that is, employers assumed fiduciary responsibility for selecting fund offerings within 401(k) plans, but individual workers remained responsible for portfolio decisions. But research on financial literacy and behavioral biases in decision-making have raised concerns that some employees may be unable to make effective portfolio choices, thus potentially undermining their old-age financial security. One way in which the retirement marketplace has attempted to address this concern has been the introduction of target-date funds to 401(k) plans. These target-date funds offer three distinct features: a convenience or "prepackaged" aspect, a current portfolio choice based on a simplified decision heuristic (expected retirement age), and a commitment device for future age-based equity rebalancing.
Through the growing incidence of these funds, responsibility for portfolio decisionmaking has begun to shift away from workers and back to employer. Demand for target-date funds has been influenced by two mechanisms: a complex default architecture, developed by employers and encouraged by the QDIA regulations of the U.S. Department of Labor, and active choice by participants and reliance on the funds as a form of implicit lifecycle advice.
We seek to disentangle the effects of this complex choice environment using data from a natural experiment, namely the introduction and evolution of target-date funds among 401(k) plans over the 2003-10 period. Our analysis considers both adoption patterns, influenced by default arrangements or participant active choice, as well as portfolio effects among participants actively selecting the funds upon their first appearance in the plan menu. In terms of adoption, in some plans, participants chose the funds based on their own decisions unaffected by any default arrangement. In others, employers designated the target-date funds as a default investment for recordkeeping purposes, for new hire automatic enrollment, for reenrollment from a prior default fund, for mapping of discontinued funds, or some combination of these. We show that understanding how target-date funds change investor outcomes when added to a plan menu depends substantively on the choice architecture in place at the time of their introduction.
Moreover, ascertaining whether participants who actively choose target-date funds are doing so on account of the funds' glide paths requires controlling for unobservable characteristics that might influence their adoption, as well as workers' preexisting taste for pre-packaged solutions.
Our difference-in-difference empirical approach addresses these concerns.
We have three broad findings. First, there is a latent demand for target-date funds among workers based on voluntary choice and this is independent of default effects. New plan entrants adopted these funds voluntarily at a (time-weighted) average rate of 31 percent over the 2003-10 period; existing employees' take-up rate was roughly half that level. Demand was particularly strong among workers early in the lifecycle. Participants electing target-date funds on their own, rather than being defaulted or mapped into them, were equally likely to be pure target-date versus mixed target-date fund investors. In other words, preferences for the features of targetdate funds among those making voluntary decisions were not simply a binary, all-or-nothing choice. Demand for such funds was also quite resilient to equity market conditions, since active adoption of target-date funds increased somewhat during the recent financial crisis.
Second, default constructs had a potent effect on portfolio outcomes, although the magnitude depended on the exact features of the default arrangement. The simple designation of a target-date fund series as a default for administrative or recordkeeping purposes -where employees were not directly placed in the new funds -had a "halo" effect on participant outcomes: new plan entrants were 55 percent more likely to hold the funds compared to nondefaulted new entrants. As expected from prior research, automatic enrollment of new hires did raise target-date adoption: they were 81 percent more likely to elect these funds, compared to an "unguided" outcome. When employers reenrolled participants from a prior default to new targetdate default funds, adoption rates also rose by a similar amount, up 71 percent among new entrants. When employers eliminated a fund from the menu and "mapped" participants into target-date funds, target-date adoption rose by 166 percent among new entrants, and more than doubled among existing employees.
Third, among participants actively switching to target-date funds when they were first introduced, a difference-in-difference analysis confirms that the introduction of the funds in the plan menu resulted in sizeable changes in portfolio characteristics. Particularly notable was the large steepening of the age-equity allocation gradient, with workers younger than age 35 experiencing a 40 percent point rise in equity share; participants age 35-55 experiencing a 21 percent point increase; and no change seen for participants age 55+. Nonsystematic risk shares also fell markedly for target-date investors of all ages. Further, we showed that systematic returns and portfolio variance increased, particularly for younger investors. These changes in portfolio characteristics occurred as a result of the introduction of target-date funds by the employer, despite the fact that participants could have adopted these changes on their own before the target-date funds appeared.
These effects provide evidence of participant demand for employer-selected investment advice implicit in the funds' glide paths (with the term "advice" here used in a practical, rather than a legal sense). Our findings are robust to controls for default effects, observable plan and participant differences, pre-existing tastes for prepackaged investment programs, and unobservable individual characteristics. 33 We conclude that responsibility for portfolio decisions is gradually shifting away from workers to employers through the growth of target-date funds in 401(k) plans. In default arrangements, this effect is direct: account contributions are invested in target-date funds at the explicit direction of the employer. When participants actively choose the funds, this effect is indirect: many participants adopt quite different allocations in response to the 33 Thus far we cannot determine whether this was mainly due to workers favoring the simplified decision heuristic (expected retirement age) associated with the current portfolio choice, or a preference for the commitment device for future age-based rebalancing, or some combination of both.
introduction of the target-date equity glide paths into the plan menu. Regardless of the decisionmaking mechanism, many retirement plan investors appear to have malleable or ambiguous preferences for portfolio choice, because of lack of financial knowledge and experience, behavioral biases, or other reasons.
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